Objective: To compare the distributions of body mass index (BMI) in relatively healthy nonsmoking men and women in the United States. Design: Cross-sectional national survey data from the Third National Health and Nutrition Examination Survey (NHANES III). Subjects: In total, 11 404 nonsmoking men (n ¼ 4894) and women (n ¼ 6510), ages 20 years and above, drawn from a representative population sample. Measurements: Increasingly stringent definitions of 'health' were applied, based on self-reported health, medical history, measurements of blood pressure, blood lipids, serum glucose, glycosylated hemoglobin, and behavioral factors including smoking and physical activity. Main outcome measures were mean and median BMI by health level, 5th and 95th percentiles of BMI, and the prevalence of overweight and obesity. Results: For both men and women, the distribution of BMI became less skewed at better health levels. The range of BMI values that included 90% of healthy men and women was approximately 19.5-30 kg/m 2 for men and 18-30 kg/m 2 for women, with median values of approximately 24.5 kg/m 2 for men and 21.5 kg/m 2 for women. The prevalence of overweight declined sharply with increasing health level for women but varied little for men; the prevalence of obesity declined at higher health levels for both men and women. Conclusions: Only about 5% of healthy younger men or women would be classified as obese by BMI levels. However, the distribution of BMI differs between healthy men and healthy women. Relative to the distribution of BMI values for healthy men, the distribution of BMI values for healthy women is shifted to the left and is more skewed.
Introduction
A variety of body weight standards have been promulgated and used over time by groups such as insurance companies, NIH consensus conferences and WHO expert committees. [1] [2] [3] [4] [5] These standards are based on criteria that are not completely specified but which include elements of risk, predictive power and digit preference. [6] [7] [8] In the past, some weight standards, such as the Metropolitan Life Tables and the older Dietary Guidelines for Americans used different values for men and women. 1, 2, 9, 10 At a given height and weight, because of gender differences in body composition, a woman is likely to have more adipose tissue than a man. 11 However, current weight standards are the same for men and women. The recommendations of the NHLBI Clinical Guidelines for the Treatment of Overweight and Obesity 5 are similar for men and for women.
The purpose of this paper is to compare the distributions of body mass index (BMI) in healthy nonsmoking men and women in the United States, using a large representative sample, and compare these distributions to current BMI recommendations. Identifying the BMI ranges occurring among healthy nonsmoking men and women may help to inform public health recommendations for achievable weight levels.
Methods

NHANES III
In the third National Health and Nutrition Examination Survey (NHANES III), a nationally representative sample of the US civilian noninstitutionalized population was selected using a complex, stratified, multistage probability cluster sampling design. A home interview was followed by a physical examination in a mobile examination center. A description of the plan and operation of the survey has been published. 12 Weight and height were measured using standardized techniques and equipment. BMI was calculated as weight (kg) divided by the square of height (m). For adults, overweight was defined as a BMI value in the range 25-29.9 kg/m 2 and obesity was defined as a BMI value
Respondents who reported smoking as many as 100 cigarettes in their lifetime were asked if they smoked cigarettes 'now.' Those who responded affirmatively were considered to be current smokers. Current smokers were excluded from the primary analyses because smoking is often associated with a lower body weight and thus the inclusion of smokers might confound the analyses. The sample of nonsmoking respondents examined in the mobile examination center in NHANES III included 4900 men and 6533 nonpregnant women, of whom six men and 23 women had missing values for BMI, so that the initial analytic sample size consisted of 4894 men and 6510 women An additional 276 men and 366 women had missing values for measured blood pressure, total serum cholesterol or HDLcholesterol and were excluded from subsequent analyses.
Definitions
Hypertension was defined as using hypotensive medication or having a systolic blood pressure at or above 140 mmHg or having a diastolic blood pressure at or above 90 mmHg. High blood cholesterol was defined as using medications to lower cholesterol or having serum cholesterol level of 6.22 mmol/l (240 mg/dl) or greater. Low HDL-cholesterol was defined as an HDL-cholesterol level below1.04 mmol/l (40 mg/dl) for men and below 1.30 mmol/l (50 mg/dl) for women.
One-half of the eligible participants had been randomly assigned to participate in a morning examination after an overnight fast. Data on fasting glucose levels came from this half-sample. Undiagnosed diabetes was defined as a morning fasting plasma glucose level of 7 mmol/l (126 mg/dl) or greater in a person without previously diagnosed diabetes.
Impaired fasting glucose was defined as a morning fasting plasma glucose level in the range of 6.1 mmol/l (110 mg/dl) up to 7.0 mmol/l (126 mg/dl) in a person without previously diagnosed diabetes. Elevated LDL-cholesterol was defined as a serum LDL-cholesterol level of 4.14 mmol/l (160 mg/dl) or greater.
Different levels of 'health' were defined using sequential exclusion criteria, so that each level included only participants who met the criteria for the previous level as well. There is no standard definition of health; criteria included participants' self-report of health status, history of medical conditions and measured lipids and blood pressure levels ( Table 1 ). Health 5 (the highest level) was based on a halfsample of individuals who had been randomized to a morning examination and had fasted at least 9 h. Data analysis and statistical methods For adults, age was defined as age in years at the time of the household interview, which generally preceded the examination by 2-3 weeks. The age groups used were 20-39, 40-59, 60-79 and 80 þ years.
Descriptive analyses were carried out using SAS statistical software (Version 9.1, SAS Institute, Cary NC, USA). For the survey, sampling weights had been calculated that took into account the unequal probabilities of selection resulting from the sample design and from planned oversampling of certain subgroups. Weighted percentiles were calculated using the sampling weights. For the Health 5 level, the sample weights for the morning sample were used. To examine the differences in the distribution of BMI among groups, mean-difference plots were used. 13 For graphical presentation, the distributions of BMI were smoothed using a 4253H nonparametric smoothing algorithm, based on sequential calculations of running medians for groups of adjacent points of different lengths. 14 The objective of this paper is to estimate quantiles and describe the distributions graphically; formal statistical tests were not carried out. Met criteria for level 0 and in addition had self-reported excellent, very good or good health; no history of arthritis, diabetes mellitus, gallbladder disease, congestive heart failure, stroke, emphysema, lupus, cancer other than skin cancer, heart attack or osteoporosis, and had no missing data for blood pressure, total cholesterol or HDL-cholesterol 2
Met criteria for level 1 and in addition did not have high blood cholesterol or hypertension 3
Met criteria for level 2 and in addition did not have low HDL-cholesterol 4
Met criteria for level 3 and in addition, had serum cholesterol o200 mg/dl, systolic blood pressure o135 mmHg, diastolic blood pressure o85 mmHg, glycosylated hemoglobin (HbA1c) o6%; had none of the following in the highest quartile for their sex and 10-year age group: serum cholesterol, systolic blood pressure, diastolic blood pressure; did not have HDL-cholesterol in the lowest quartile for their sex and 10-year age group. 5
(Half-sample only). Met criteria for level 4 and in addition did not have undiagnosed diabetes or impaired fasting glucose or high LDL-cholesterol levels; had serum triglycerides o150 mg/dl.
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The unweighted sample sizes and the weighted population percent are shown in Table 2 for each health level. The number of respondents decreased progressively for each added health category. For purposes of this paper, estimates of the 5th and 95th percentiles are not provided for categories where the unweighted sample size is less than 100 respondents, and estimates of mean and median BMI are not provided for categories where the unweighted sample size is less than 20 respondents. These restrictions affected primarily those ages 60 years and above in the higher health categories.
Results
Percentiles of BMI
The distribution of BMI values in these samples is shown in Table 3 (men) and Table 4 (women), which include the mean, the median, the 5th percentile and the 95th percentile values for health levels 0-5. In general, as more and more stringent definitions of health were applied, the distribution of BMI shifted to the left, as shown by decreases in the mean, the median and the 5th and 95th percentiles.
For men, sample sizes were adequate to estimate mean and median BMI for all health levels only for ages 20-39 and 40-59 years. In those age groups, both mean and median tended to decline as health level increased. The magnitude of this shift was less for the younger men than for the 40-59 years old men, for whom the median declined almost three BMI units between health level 0 and health level 5. For both these age groups, the mean declined slightly more than the median, reflecting the decreased skewness in the distributions at higher health levels. The decline in the 5th percentile of BMI was slight, less than one BMI unit for the younger men. For both age groups, however, the decline in the 95th percentile was greater than the decline in the median, also indicating a decrease in skewness. Although at older ages, sample sizes were too small to estimate these percentiles for all health levels, the trends were broadly similar to those seen for men ages 40-59 years.
At health level 4 for men ages 20-39 years, the median BMI was B24.5 kg/m 2 , the 5th percentile was B19.5 kg/m 2 and the 95th percentile was B30 kg/m 2 . At all health levels the values for men ages 40-59 years were slightly higher than those for men ages 20-39 years.
The BMI values for women also declined with increasing health level, with the decline being greater at the 95th percentile and lower at the 5th percentile than at the Health 5 was limited to a half-sample of respondents who had been randomized to a morning examination and had fasted at least 9 h. median. The estimates were greater for women ages 40-59 years than for women ages 20-39 years for the mean, median and 5th percentile, but not always for the 95th percentile. For women in both these age groups the declines tended to be greater than for men in the corresponding age groups. The declines were particularly large at the 95th percentile, where the value of BMI declined by nine units. Even at the 5th percentile, the decline was almost one BMI unit. Two examples of the shifts in the distribution of BMI are shown graphically in Figures 1 and 2 for men and women ages 20-39 years for health level 4. Because these are nonparametrically smoothed distributions, they may not correspond exactly to the percentile estimates shown in the tables. The smoothed distribution of BMI for men ages 20-39 years defined as healthy (health 4) is shown in Figure 1 along with the smoothed distribution of BMI for men of the same age who were defined as not healthy at level 4. As may be seen, the distribution of BMI in healthy men is shifted to the left relative to the distribution of BMI in less healthy men and is also less skewed. Similar results were seen for other health levels and were confirmed by mean-difference plots (not shown) that indicated both a leftward shift and a decrease in skewness in almost all cases.
Similar smoothed distributions of BMI for women are shown in Figure 2 . For women, the same trends are evident. However for women, both distributions are more skewed than the corresponding distributions for men.
The distribution of BMI differed somewhat between men and women. With a few exceptions at the 95th percentile, values were almost always lower for women than for men at a given age and health level. For women at higher health levels the mean and median BMI values were B21.5 kg/m 2 , the 5th percentile was B18 kg/m 2 and the 95th percentile was B30 kg/m 2 The smoothed distributions of BMI for men and for women at health level 4 are shown in Figure 3 . Compared with the distribution of BMI values for healthy men, the distribution of BMI values for healthy women is shifted to the left and is more skewed. 19.3% to 11.8%. At all health levels, the prevalence of BMI X30 kg/m 2 was similar for men and women, but the prevalence of BMI 25-29.9 kg/m 2 was considerably lower for women than for men. For example, for men and women ages 20-39 years at health level 5, the prevalence of BMI X30 kg/m 2 was 6.8% for men and 4.2% for women but the prevalence of BMI 25-29.9 kg/m 2 was 38.1% for men versus 11.8% for women. As a result, the prevalence of overweight and obesity combined (BMI X25 kg/m 2 ) was also lower for women than for men.
Prevalence of overweight and obesity
Additional analyses
These analyses were repeated using additional criteria. In one set of analyses, health that was self-described as 'good' (rather than as very good or excellent) was considered unhealthy rather than healthy. Another set of analyses was limited to those who were physically active, defined as engaging in moderate activity at least five times a week or vigorous activity as least three times a week. Analyses were also carried out for non-Hispanic whites only. A further analysis combined all three of the above criteria. These additional criteria had little effect on the estimates, generally only 0.1 or 0.2 BMI units, and the variations were not systematic (results not shown). Analyses were also carried out for smokers only. Results for male smokers only were lower than for nonsmokers, with smokers having a distribution of BMI shifted to the left by 1-2 BMI units relative to nonsmokers (results not shown). At health level 1 and above, there was little difference in the distribution of BMI between female smokers and female nonsmokers.
Discussion
These results present the distribution of BMI in a large nationally representative sample of nonsmoking healthy men and women, with 'healthy' defined at five levels using progressively more stringent criteria. The criteria were based on self-reported health, reports of selected chronic conditions and medications, and measured values of blood pressure, blood lipids including cholesterol, HDL-cholesterol, LDL-cholesterol and triglycerides, plasma glucose level and glycosylated hemoglobin level. The criteria were sufficiently stringent that at the highest level only 27% of BMI of healthy men and women KM Flegal nonsmoking men and 25% of nonsmoking women ages 20-39 years were considered 'healthy.' At progressively higher levels of 'health' the distribution of BMI shifted to the left and became less skewed and more normally distributed for both men and women. The shifts were minor at the median and larger at the upper end.
The distribution of BMI in this apparently healthy population had a median value of about 24. 5 . The median BMI of the highly selected 'healthy' population tended to be higher in older age groups. The 'healthy' population described here may have less risk than would an unselected less healthy population and thus show more uniform changes with age across all levels of BMI. At younger ages relatively few people develop conditions such as hypertension or hypercholesterolemia; at older ages many people do regardless of weight. 15 A limitation of this study is in the definition of 'healthy.' There is no standard set of criteria by which it can be determined that a given individual is healthy. The criteria applied here cover self-reported overall health status, selfreported medical history of a set of conditions, a set of standardized physiological measurements, primarily those related to cardiovascular risk factors, and several behavioral factors (smoking and physical activity). Self-reported overall health status may to some extent control for other unspecified health conditions not included in the medical history questionnaire. Additional unmeasured factors might distinguish those within the 'healthy' group who are more or less healthy. On the other hand, the criteria used here already exclude almost 3/4 of younger men and women, suggesting that the use of additional criteria would result in a definition of health so restrictive that only a small proportion even of younger men and women would be considered healthy. These findings suggest that the distribution of BMI values for healthy people is different for women than for men. For healthy women, the distribution of BMI values is shifted to the right relative to the distribution for healthy men but is also more skewed, so that the median and 5th percentile values for women are lower than those for men, but the 95th percentiles differ little. This suggests that the optimal BMI levels associated with good health may differ between men and women. However, even though the shape of the distribution differed between men and women, only about 5% of healthy men or women were classified as obese by BMI, supporting the utility of the definition of obesity as a BMI of 30 kg/m 2 or above.
